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© Broad band frequency synthesizer for quick frequency retuning. 



g) In a frequency synthesizer of the type having a phase locked loop, a variable frequency divider is 
coupled to the output of the phase locked loop and a variable divider for dividing a reference signal is 
coupled to a frequency source for the frequency synthesizer. The phase lock loop also includes a 
variable divider for dividing the signal fed back from a voltage controlled oscillator to a phase detector. 
The division numbers or divisors of the variable frequency dividers are controlled such that a 
predetermined relationship exists among the frequency dividers. The frequency synthesizer is capable 
of switching reference frequencies without causing phase jumps. The reference frequency is selected 
depending upon the choice of a division number for the frequency divider coupled to the output of the 
frequency synthesizer. 
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Field of the Invention 

The present invention relates generally to frequency synthesizers of the type having a phase locked loop 
(PLL), and more particularly to an improved frequency synthesizer having a switchable reference frequency at 
the input of the PLL and a variable divider at the output of the PLL. 

Background of the Invention 

A phase locked loop is a well known circuit which typically includes a phase detector, a filter, and a voltage 
controlled oscillator (VCO). A stable input signal is applied to the phase detector which compares the input sig- 
nal to the output of the voltage controlled oscillator. The output signal of the phase detector is representative 
of the phase difference between the input signal and the output of the voltage controlled oscillator. The output 
signal of the phase detector is filtered. The filtered signal is used as an error signal to control the VCO, thereby 
causing the frequency of the VCO to track the frequency of the stable input signal. 

It is well known to those skilled in the art to generate different signals having a carefully determined fre- 
quency (f^) using a frequency synthesizer having a PLL 1 0 as illustrated in Fig. 1 . The PLL 1 0 includes a con- 
trollable oscillator (VCO) 14 locked to a crystal source which provides an input signal f^. 

The frequency of the VCO signal f vco is typically divided by a controllable divider 15 having a division number 
N to obtain a signal having a frequency f v . The signal f v is thereafter compared to the reference signal f ref which 
is derived from the division of the input signal f^ from the crystal frequency source by a frequency divider 1 1 
having a division number R. The comparison of the signals having frequencies f ref and f v in the phase detector 
12 generates the control or error signal E. The control signal E is filtered by the filter 13 in order to remove 
signal components emanating from the signals f rof and f v respectively. The filtered signal U controls the VCO 
14 so that a balance condition is reached (f vco = f^, x N/R). By choosing different division numbers, N and R 
respectively, different frequencies can be achieved with a relatively high degree of accuracy. 

In this type of frequency synthesizer, the frequency can be changed by selecting the division numbers R 
and N. After a new frequency has been selected, a certain time is required to achieve balance. This time is 
determined by the filter 13 among other things. In many implementations it is necessary to achieve quickJy a 
stable output signal f vco . Accordingly, the filter 13 has to be designed to have a relatively broad bandwidth. 

The bandwidth of the filter 13 in relation to the reference frequency f ref also determines how large a dis- 
turbance from f ref and f v will leak through to the VCO 14. Consequently, the filter 13 and the reference frequency 
f ref also determine the level of disturbances in the VCO output signal f vco . The smallest channel spacing has to 
be equal to or larger than the reference frequency f ref . The requirements for a pure signal, therefore, are in con- 
flict with the requirements for a relatively quick lock-in and relatively tight channel spacing. 

In addition to the disturbances emanating from the phase detector 12, there are additional disturbances in 
the signal f vco . These disturbances can constitute noise from the VCO 14. For certain frequency bands it can 
be difficult to design a resonator of the VCO sufficiently inexpensive and small enough to achieve low disturb- 
ances and to meet desired performance specifications. 

When the synthesizer output signal covers a comparatively broad frequency range, the division of the signal 
in two or more separate signals having a fixed phase difference (e.g., 90° ) becomes difficult. Such phase shifted 
signals are often required for a vector l/Q modulation. 

In the past, attempts have been made to increase the frequency range of frequency synthesizers by adding 
a frequency multiplier to the output of the voltage controlled oscillator. Swedish Patent No. 441,719 discloses 
another technique in which the frequency range is increased by using a frequency divider coupled to the output 
of the VCO. Neither of these two proposed solutions have been able to overcome completely the above-des- 
cribed problems associated with frequency synthesizers. 

Accordingly, there is a need for a new improved frequency synthesizer of the phase locked loop type which 
can achieve quick lock-in combined with low noise/interference levels. The improved frequency synthesizer 
must be capable of switching reference frequencies without generating phase jumps. 

SUMMARY OF THE INVENTION 

The present invention provides an improved frequency synthesizer of the PLL type having two frequency 
divider circuits at the output of the VCO and a switchable reference frequency divider circuit at the input of the 
phase detector. The improved frequency synthesizer is capable of switching reference frequencies without 
causing phase jumps. The switchable reference frequency is selected depending upon the desired frequency 
of the output signal of the frequency synthesizer. The desired output signal is provided by one of the first and 
second frequency dividers at the output of the PLL. The third frequency divider at the input to the phase-detector 
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divides a signal from a frequency source to provide the frequency synthesizer with a switchable reference fre- 
quency. The division numbers of all three frequency dividers are controlled such that a predetermined relation- 
ship exists among the three frequency dividers. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram of a typical prior art phase locked loop; and 

Fig. 2 is a block diagram of the improved frequency synthesizer of the present invention. 

10 DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring now to Fig: 2, a block diagram illustrates the frequency synthesizer 20 of the present invention. 
The frequency synthesizer 20 is responsive to an input signal f^ which is generated by a crystal oscillator or 
other suitable frequency source. The signal f^ is applied to a frequency divider 21 which divides the signal by 
15 the division number R to provide a suitable reference signal f fef . The switchable reference signal f ref is applied 
to a phase detector 22. The output of the phase detector 22 is filtered by a filter 23 and applied to a VCO 24 
to generate a signal f vco . The signal f vco is applied to a frequency divider 26 which divides the signal by the div- 
ision number P to provide an output signal f^. The signal f vco is also applied to a frequency divider 25 which 
divides the signal by the division number N to generate a signal f v . The signal f v is applied to the phase detector 
20 22 where it is compared to the signal f ref . The output of the phase detector 22 is an error signal E which is rep- 
resentative of the phase difference between the signals f ref and f v . The error signal E is filtered to provide the 
filtered signal U used to control the VCO 24. The division numbers R, N, and P of frequency dividers 21. 25, 
and 26 are controlled by a central unit or control circuit 27. 

The three dividers 21, 25, and 26 divide their respective incoming signals with certain numbers R, N. and 
25 P. These numbers are determined by the desired frequency of the output signal f out , i.e. for a certain output 
signal f out there are certain values of R, N, and P such that the value of R x P is always a constant value. The 
information about the desired output signal f^ is input to the control circuit 27 which provides inputs to the divi- 
ders 21, 25, and 26. Usually the communication between the control circuit 27 and the dividers is a serial-bus- 
communication in order to have a small number of transmission lines. The information to the dividers 21, 25 
30 and 26 is an input value to the calculation circuits in each divider which results in the correct division number 
being calculated by a fixed program in each divider. 

The control circuit 27 may be impiemented with a suitably programmed microprocessor or controller. The 
control circuit 27 interprets the channel or frequency setting and generates corresponding division numbers 
for the frequency dividers 21, 25, 26. The frequency divider 21 having division number R and the frequency 
35 divider 25 having division number N may not internally keep track of the phase-state and may have to be 
enabled so that they do not change ratio and cause phase jumps. Accordingly, the control circuit 27 may obtain 
phase information from the phase detector 22 in order to generate the enable signal which can be supplied to 
the dividers 21 , 25 and 26. The ratio, therefore, can be changed to avoid phase jumps. Alternatively, the dividers 
21, 25 and 26 could be internally enabled to change ratio in a particular phase state (synchronous loading). 
ao The control circuit 27 provides the information signals which are delivered as inputs to the dividers 21 , 25, 

and 26 upon the selection of a desired output signal f^ or channel. This information is stored in a first register 
for divider 21 and in a second register for divider 25. The information to the registers from the control circuit 
27 also contains a command which causes the data to be loaded synchronously into the respective register. 
To avoid undesired phase jumps when changing the dividers 21 and 25 from one value to another, the adjust- 
45 ment of the dividers 21 and 25 can be synchronized by a synchronizing signal from the phase detector 22. Thus, 
when the phase locked loop is in a locked position, and new division numbers R and N have been provided by 
the data from the control circuit 27, the phase lock-in process of the loop will startfrom a zero value of the phase 
error (i.e. the phase error between f^ and f v ). When changing the divisors R and N, an unnecessarily large 
phase jump is avoided, and the new output frequency is obtained. 
so The frequency synthesizer 20 generates a signal f vco having a frequency which is considerably higher than 

that of the desired output signal f out . The signal f vco is, therefore, divided down to the desired output frequency 
fout using the variable divider 26 which can divide by the division number P to a desired value. The disturbances 
in the signal f vco , such as spurious signals and noise, are also divided down to the same extent It is thereby 
possible to use a poorer, i.e., less expensive VCO 24, and yet obtain an output fully meeting requirements. 
55 Moreover, within certain frequency bands oscillators for high frequencies do not require as large resonators 
as do corresponding oscillators for lower frequencies. Generating such low frequencies by dividing the output 
signal ^ down can also provide the benefit of a reduced volume. 

In order to get a relatively short lock-in time in a PLL, it is necessary to make it broad banded. Broad banded 
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means that a relatively high disturbance level can occur. The division of the frequency of the signal f vco down 
to the desired output signal i oui in a corresponding way reduces the signal disturbances in relation to the desired 
signal, and thus the disturbance in the VCO output can be accepted. By using a high frequency in the PLL a 
simpler filter may be used in the loop. The disadvantage of a high reference frequency (large channel spacing 
5 in the VCO signal) is also neutralized by division. The division by the frequency divider 26 causes the frequency 
channel spacing in the VCO signal f vco to be divided, and the output signal channel spacing can be defined by 
the equation fch = f ref /P. 

Referring again to Fig. 2, it can be appreciated that the desired output signal f out of the synthesizer 20 is 
generated from the VCO 24 which is operating at a frequency f vco . The frequency of signal f vct > is P times higher 
10 than the frequency output signal f out . When changing the frequency of output signal f^ the division number P, 
N and R of dividers 26, 25 and 21 respectively are changed to values which provide the right signal having the 
desired frequency. Their values are defined by the equation fout = N x fxtai/(P * R). Division with the division 
number P provides the desired channel spacing (f ref /P) at the same time as the frequency of reference signal 
f ref is kept high. 

15 Since the frequency of the reference signal f ref can be kept high in this fashion, the bandwidth of the filter 

23 can be increased without the quotient between the reference frequency and the filter bandwidth becoming 
low. Thereby a comparatively pure signal is received while at the same time the switching to new frequencies 
is relatively rapid. When the frequency is changed by shifting the division number P of divider 26, the value R 
of the reference divider 21 is also shifted such that the channel spacing remains unchanged (P x R = constant) 

20 or alternatively becomes at most the desired channel spacing. When changing the division number R, an output 
is provided such that ho phase jumps occur in the reference signal f ref in relation to the signal f v from the fre- 
quency divider 25. When the frequency is changed by changing the division number N of the frequency divider 
25, the change should cause no or only minor phase shifts in the signal f v applied to the phase detector 22 in 
relation to the reference signal f ref . On the other hand, the division number P of divider 26 may be changed 

25 without particular restrictions. 

The crystal frequency or frequency source is chosen in accordance with the equation f^ = f ch xPxR. The 
signal f vco from the VCO 24 is applied to the divider 26. If the divider 26 is constituted of flip flops with the signal 
f vco as the clock and having a sufficiently large division number P, the output signal f^ can be gated out in two 
or more different phase positions, e.g. with 90° phase differences (l/Q). The first phase position can be provided 

30 by the first output terminal designated f^, and the second phase position can be provided by a second output 
terminal which is illustrated in phantom and designated f out . 

Table I illustrates an example of preferable division numbers chosen for a frequency synthesizer for the 
band 25-112.5 MHz and with a 12 MHz frequency source. The channel spacing equals 25 kHz. 
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A frequency synthesizer for frequencies in the range of 25 to 1 12.5 MHz, as illustrated in Table 1, may be 
obtained with the apparatus 20 of Fig. 2. The variable frequency divider 26 having the division number P is 
controlled by the control circuit 27 to have division numbers 8, 12, 16, and 24. The VCO 24 can then operate 
so within the range of 600 to 900 MHz using a crystal of 1 2 MHz as the frequency source. In order to get the same 
channel spacing over the entire range, the reference divider 21 having the division number R is switched such 
that P x R is unchanged. 

The division number R changes between the division numbers 60, 40, 30, and 20 to maintain the desired 
relationship with the division number P of variable frequency divider 26. The division numbers of frequency 
55 divider 25 also change correspondingly, and the changing of division numbers R, N and P is controlled by the 
control circuit 27 as described above. 

While the invention has been described in its preferred embodiments, it is to be understood that the words 
that have been used are words of description rather than of limitation and that changes within the purview of 
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the appended claims may be made without departing from the true scope and spirit of the invention in its broader 
aspects. 



Claims 

1. A signal generator having a selectable frequency which is locked to a reference signal using a phase or 
frequency locked loop.having a controllable oscillator, a detector, a loop filter and a frequency divider, whe- 
rein the improvement comprises: 

frequency divider means for dividing the output of the oscillator; and means for changing the fre- 
quency of the reference signal to a different value depending upon which value has been used to divide 
the output signal of the oscillator. 

2. A signal generator according to claim 1 wherein the phase of the reference signal is maintained in relation 
to the phase of the signal from the oscillator. 

3. A signal generator according to claim 1 wherein the division number of the frequency divider within the 
phase locked loop is determined in accordance with the frequency of the reference signal. 

4. A signal generator according to claim 2 wherein the division number of the frequency divider within the 
phase locked loop is determined in accordance with the frequency of the reference signal. 

5. A signal generator according to claim 1 wherein the output signal of the oscillator is divided into two or 
more phase positions with constant phase difference. 

6. A signal generator according to claim 2 wherein the output signal of the oscillator is divided into two or 
more phas,e positions with constant phase difference. 

7. A signal generator according to claim 3 wherein the output signal of the oscillator is divided into two or 
more phase positions with constant phase difference. 

8. A signal generator according to claim 4 wherein the output signal of the oscillator is divided into two or 
more phase positions with constant phase difference; 

9. A method of controlling a frequency synthesizer having a voltage controlled oscillator, a phase detector 
and a frequency source, which comprises the steps of: 

dividing the output signal of the voltage controlled oscillator by a first value P; 
dividing the output signal of the voltage controlled oscillator by a second value N; 
dividing the input signal from the frequency source by a third value R; and 

controlling the first, second, and third values such that the frequency synthesizer synthesizes a 
range of predetermined frequencies. 

10. A method according to claim 9 wherein the first value P and the third value R are maintained such that P 
x R equals a constant value. 

11. A method according to claim 9 further including the step of splitting the output signal into two or more 
phases by gating out different phase positions from the divider. 

12. A method according to claim 10 further including the step of splitting the output signal into two or more 
phases by gating out different phase positions from the divider. 

1 3. An improved frequency synthesizer of the type having a voltage controlled oscillator, a phase detector and 
a frequency source which further comprises: 

means for dividing the output signal of the voltage controlled oscillator by a first value P; 
means for dividing the output signal of the voltage controlled oscillator by a second value N; 
means for dividing the input signal from the frequency source by a third value R; and 
means for controlling the first, second and third values such that the frequency synthesizer synth- 
esizes a range of predetermined frequencies. 

14. A frequency synthesizer according to claim 13 wherein said means for controlling includes means for main- 
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taining the values P arid R such that P x R equals a constant value. 

15. A frequency synthesizer according to claim 13 wherein the outputs from the divider P are phase-shifted 
with respect to each other. 

5 

16. A frequency synthesizer according to claim 14 wherein the outputs from the divider P are phase-shifted 
with respect to each other. 



*5 



20 



25 



35 



40 



45 



50 



55 



6 



V-!ir> «rPP 



EP 0 500 516 A2 



O 
O 
> 



ro 



o 




OCID: <EP 0500S16A2 I 



EP O 500 516 A2 




Z3 
- O 



(XI 









sr si- 


FILTER 












Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(5) Publication number: 0 500 516 A3 



(12) 



EUROPEAN PATENT APPLICATION 



(g) Application number : 92850040.4 
(22) Date of filing : 19.02.92 



© int. a. 5 : H03L 7/183 



(30) Priority : 20.02.91 US 658038 

@ Date of publication of application : 

26.08.92 Bulletin 92/35 

(S) Designated Contracting States : 
CH GB LI SE 

(Ss) Date of deferred publication of search report : 

21.04.93 Bulletin 93/16 

(Q) Applicant : TELEFON AKTI EBOLAGET L M 
ERICSSON 

Patent and Trademark Department 
S-126 25 Stockholm (SE) 



@ Inventor : Petersson, Peter Magnus 
Ryttarvagen 9 
S-175 39 Jarfalla (SE) 
Inventor : Ripstrand, Krister Ingemar 
Norrtaljegatan 7B 
S-753 27 Uppsala (SE) 

@ Representative : Lovgren, Tage et al 

Telefonaktiebolaget L M Ericsson Patent 
Department 

S-126 25 Stockholm (SE) 



3 

CO 

in 



LU 



(g) Broad band frequency synthesizer for quick frequency retuntng. 

(57) In a frequency synthesizer of the type having 
a phase locked loop, a variable frequency di- 
vider is coupled to the output of the phase 
locked loop and a variable divider for dividing a 
reference signal is coupled to a frequency sour- 
ce for the frequency synthesizer. The phase 
lock loop also includes a variable divider for 
dividing the signal fed back from a voltage 
controlled oscillator to a phase detector. The 
division numbers or divisors of the variable 
frequency dividers are controlled such that a 
predetermined relationship exists among the 
frequency dividers. The frequency synthesizer 
is capable of switching reference frequencies 
without causing phase jumps. The reference 
frequency is selected depending upon the 
choice of a division number for the frequency 
divider coupled to the output of the frequency 
synthesizer. 
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